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Enrichment of Pasteurized Whole Milk with lron

Abstract

Organoleptic evaluation of iron-enriched
whole milks showed that ferrie iron com-
pounds uniformly resulted in lipolytic
rancidity when milk was pasteurized at
minimum to moderate temperatures (below
about 79 C). This off-flavor was reduced
acceptably, or completely eliminated simply
by pasteurizing at 81 C. Data consistently
showed that milk lipase is made more heat
resistant by ferrie forms of iron.

Terrous compounds normally caused de-
finite oxidized flavor when added to raw
whole milk before pasteurization. This
off-flavor was markedly reduced by de-
aerating the milk before adding the iron.
Ferrous eompounds did not cause rancidity.

Ferric ammonium ecitrate and ferrous
sulfate were evaluated more extensively
than other compounds. Addition of - the
citrate salt followed by pasteurization at
g1 C is the more feasible' method, since it
would be difficult to add the ferrous salt
after deodorization and before pasteuriza-
tion.

[ ———————

Introduction

. Iron deficient diets are reported for several
million Americans in a summary of a food
consumption survey made in 1965 (2). Children
below 3 years of age were receiving only about
509 of recommended dietary allowances
(RDA). Girls and women from age 9 to 54
years were receiving only 65 to 709 of RDA’s
for both iron and caleium. The caleium intake
of children (both sexes) below 8 years of age
was sufficient or above recommended amounts.

These results are especially significant for the
role milk has in our diets. About three-fourths
of the Ca in diets of Americans is supplied
by milk. The Ca deficiencies of the groups
indicated could be corrected by inereased milk
consumption. Correction of the iron deficiencies,
however, is a different problem. Milk and milk
products are low in jron. They are, however,
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available everywhere and are consumed in sub-
stantial amounts by most people. Thus, they
are appropriate foods for enrichment with iron.

Enrichment of milk with iron is not new.
Most states have standards for adding iron to
milk (whole milk, low-fat milk and skimmilk)
along with iodine and several vitamins (1).
The amount of these produects marketed is not
known. Also, there is little published informa-
tion eoncerning problems with flavor and pro-
cessing conditions which affect the quality of
iron-enriched milk produets. '

The dairy industry has for years avoided the
contamination of its produets with iron. This
is because iron catalyzes the development of
the oxidized flavor, although iron is not as
effective as copper. Nevertheless, it is
implicated.

Seanlon and Shipe (5) reported on the
suseeptibility of multi-vitamin mineral (MVM)
milk to oxidation. They concluded that ferrous
iron is responsible for the catalytie oxidation
of milk when iron compounds are used for
mineral fortification of whole milks. Reisfeld
et al. (4) reported that the addition of ferrie
ammonium eitrate to milk protected lipase
against heat inactivation at a normal pasteuriza-
tion temperature of 73.3 C for 16 sec.

This study was undertaken to evaluate
pasteurized whole milks enriched with several
different iron compownds and to develop opti-
mum processing conditions necessary to min-
imize off-flavors resulting from the iron.

Experimental Procedures

In early trials, iron-enriched samples were
prepared from deodorized milk to remove feed
flavors, which to some extent masked iron-
induced off-flavors. Deodorization consisted of
heating raw whole milk to 72 C for 16 sec and
“flashing” into a vacuum pan without heat.
A portion of the deodorized milk was reserved
for a control. Other lots were fortified with
different iron compounds. In most trials the
additions of iron were made immediately before
pasteurization which followed deodorization but
in a few cases, for comparative purposes, the
iron was added after pasteurization. Pasteur-
izing temperatures were varied and are specified
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in the Discussion section; pasteurizing holding
time was 16 sec in all cases.

Since preliminary deodorization as indicated
is not a feasible arrangement for many com-
mercial plants, additional samples were pre-
pared from nondeodorized milk. In these trials
the iron was added to raw milk followed by
pasteurization and homogenization. Some of
the samples pasteurized at minimal to moderate
temperatures exhibited a rancid (lipolytic)
flavor; others an oxidized flavor. Since rancidity
is caused by lipase, this phase included an
evaluation of milks pasteurized at 72 to 82 C.
The effect of the type of iron compound and
of processing with and without deodorization
.on oxidized flavors was also included in this
series of experiments.

The iron compounds were dissolved or sus-
pended in water prior to mixing with the milk.
Iron conecentrations in the water were usually
10 mg per milliliter of solution.

Organoleptic evaluations of the proecessed
milks were made by either of two methods: a)
a trained panel of 10 members using a modified
ADSA scoring system (3), and b) a flavor in-
tensity rating method. The latter method deter-
mined the effect of type of iron compound and
of proeessing procedures on the intensity of
rancid and oxidized flavors. The judges were in-
structed to use the rating scale: 0 = no off-
flavor, 1 = questionable, 2 = slight, 3 =
distinet, and 4 = strong. A panel of 6 judges
was used for this method.

Results and Discussion

The results of taste panel evaluations of sam-
ples from deodorized milk and containing
various iron compounds are in Table 1. Most
of the iron-enriched samples (exeept ferrous
fumarate) had flavor scores near those of the
controls. The sample containing ferrie choline
citrate had an unacceptable flavor after one
day but improved after one and two weeks.
Several other samples showed improvement with
age. The improvement may be real and is
associated with a decreased frequency of ox-
idized flavor. For example, 659 of samples
scoring less than 355 had oxidized flavor,
whereas only 139, of those secoring above 36.5

were oxidized. The ferrous compounds showed

a greater tendency to develop an oxidized flavor
than the ferric compounds, although at 10 mg
of Fe per quart and when processed as in-
dicated, most of the compounds used appear
to be acceptable additives for enriching milk.

Many plants pasteurize whole milk at high
temperatures, or with vacuum deodorization.

TasrE 1. Effect of addition of iron ecompounds®
on flavor of pasteurized whole milk.P

Flavor scoret

1 1 2
Compound Day Week  Weeks
Ferric ammonium

citrate 36.1 36.3 36.6
Ferrie choline

citrate 34.3 36.1 36.6
Ferrie glycero-

phosphate 372 36.5 36.5
Ferrous -

sulfate 359 36.4 36.5
Ferrous ammonium

sulphate 36.4 36.7 36.7
Ferrous

fumarate 343 345 35.3
Ferrous

gluconate 35.6 36.3 36.2
Control 372 36.5 36.7

2 Added iron = 10 mg/qt.

b Milks were “deodorized” by heating to 72 C
for 16 see., iron added and pasteurized at
74.5 C for 16 sec.

¢ Averages of two trials; nine judges per
panel. Scoring range = 31 to 40; score 35
considered acceptable.

The effect of pasteurization temperature on the
flavor of an iron-enriched milk is shown in
Table 2. Also, the effect of adding iron after
pasteurization on flavor is shown. It is evident
that pasteurization at 84 C of the iron-enriched
sample resulted in an unacceptable flavor,

" whereas the addition of iron after pasteuriza-

tion at 84 C had no effect on flavor when
compared to the control. The predominate
criticism of the high-heat, iron-enriched sam-
ple was oxidized. The flavor of some of the
samples was described as being atypically
oxidized.

As noted earlier some of the iron-enriched
samples developed a rancid flavor. To deter-
mine whether only certain compounds caused
this off-flavor and to what extent, a series of
raw milk samples fortified with several dif-
ferent iron ecompounds was pasteurized at near
minimum temperatures. The first group of
samples in this study were fortified with 40
mg of iron per quart. For this series the taste
panel judges were instructed to rate the in-
tensity of rancid, oxidized, and feed. flavors.
They also had the option of listing the intensity
of: other flavors if observed. Flavor analyses
are in Table 3. The differences between the



IRON IN MILK

TasLe 4. Effect of pasteurization temperature on the intensity of rancid and oxidized flavors

in iron enriched® whole milks.

Flavor intensity

Ranecid Oxidized
f st

Pasteurized Days of storage

Iron compound at: 1 7 14 1 7 14
(C)

Ferric ammonium citrate 722 XXX XXXX
745 x XXXX
76.7 b4 XXX XXX X
79.4 b4 XX b4
81.1 x x x
82.2 X

Ferrous sulfate 72.2 XXXX XX
745 XXX XX
76.7 X XXX XXX

2 Added iron = 10 mg per quart.

b Flavor intensities were by a 6-judge panel using the following scale: Blank = none, x =
questionable, xx = slight, xxx = distinet, xxxx = strong.

iron increased the heat resistance of milk lipase.
A temperature of about 81 C is sufficient fo
reduce lipolysis aceeptably. The inactivation
temperature (with a 16-sec holding time), no
doubt, will depend on the amount of iron added,
the type of iron compound, and possible prior
treatment of milk such as agitation. Some
studies with variable homogenization pressures

indicate that the higher the homogenization

s

pressure, the greater the tendency to develop a
rancid flavor. This effect of course, applies only
to milks containing residual lipase. Homog-
enization up to 281.2 kg/em? after pasteuriza-
tion was employed.

The degree of rancidity, if present in freshly
pasteurized samples, increased with storage
time, whereas the oxidized flavor in the ferrous-
fortified samples decreased during storage.

TaBLE 5. Effect of deaeration on intensity of oxidized flavor in iron-enriched whole milk.2

Flavor intensity®

Sample treatment Oxidized Rancid Feed
De. Do Days of storage
odorized® aerated?  Fe added 1 7 1 7 1 7
(mg/qt) :
No No 10 3.0 2.2 0 0 0 0
Yes No 10 0.5 0.3 0 0 0 0
No Yes 10 0.8 0.5 ] 11 0 0
No No 20 3.0 3.0 0 0 0 0
Yes No 20 1.7 0.5 0 0 0 0
No Yes 20 1.0 2.0 0 0 0 0
No No Control 0 0.3 0 0.6 1.7 13
Yes No Control 0 0.2 0 0 0.7 08

a Tron source — FeSO,; milk pasteurized at 74.5 C for 16 sec after addition of iron.

b See footnote Table 3.

¢ Deodorized before adding iron (See Experimental Procedures).
d Deaerated by bubbling nitrogen through raw milk before adding iron.
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TasrLe 2. Effect of temperature of pasteurization on flavor of iron enriched whole milk.

Fe added b
Pasteurized  before or Flavor score
Iron compound® at: after past. 1 Day 14 Days
(C)
Ferric ammonium citrate 745 Before 364 36.8
84 Before 344 345
745 After 36.5 36.8
84 After 362 372
Controls 745 372 370
84 36.3

37.0

2 Added iron = 10 mg/quart.
b See footnotes to Table 1.

ferric and ferrous compounds on the resulting
off-flavors in these samples are striking: ferrie
compounds caused a rancid flavor, whereas the
ferrous compounds resulted in an oxidized
flavor with no rancidity. Rancidity and oxidized
flavors in the controls were insignificant.
Another series of samples were enriched with
either ferric ammonium ecitrate or ferrous sul-

fate at 10 mg of iron per quart and pasteurized
at 72.2 to 82.2 C. Flavor ratings after 1 and
7 days of storage at 44 C are in Table 4.
Again the differences in flavor between ferrie
and ferrous enriched milk samples are marked.
The intensity of the rancid flavor in the ferric-
fortified samples decreased with increasing tem-
perature. It may be concluded that added ferric

TasLe 3. Effect of added iron® on rancid and oxidized flavors in pasteurized whole milk,

Flavor intensity?

Pasteurized :

Iron compound at: Rancid Oxidized rH
(C)

Ferric ammonium citrate 71.0 4.0 0 6.45
72.2 3.0 0.3 6.55
73.3 3.2 0.3 6.51

Ferric glycero-phosphate 722 35 ' 0.8
733 15 1.2

Ferric citrate 72.2 15 13
733 1.7 2.2

Ferrous gluconate 71.0 0 35 6.64
72.2 0.2 33 6.66
733 0.2 35 6.64

Ferrous ammonium sulfate 72.2 0 2.8
73.3 0.2 33

Ferrous sulfate 722 0 3.0
73.3 0 38

Control 71.0 20 0 6.65
72.2 08 0 6.66
73.3 0.3 0 6.69

2 Added iron = 40 mg per quart.

b Taste tests were made one day after processing.
Judges were instructed to use the following rating scale: 0 = none, 1 =

slight, 3 = distinet, 4 = strong.

Flavor ratings are averages of 6 judges.
questionable, 2 =



Data in Table 1 show that some of the
ferrous-fortified samples were acceptable; only
slight oxidized eritieisms being indicated in most
cases. However, definite to strong oxidized
flavors were observed in similarly fortified sam-
ples which were not pre-deodorized (Tables 3
and 4). The beneficial effects of oxygen re-
moval prior to ferrous iron additions are
evident. A more direct comparison of the effects
of deaeration on oxidized flavors in ferrous
iron-fortified whole milks is shown in Table 5.

Conclusions and Recommendations

The addition of ferric iron salts to raw whole
milk increases the heat resistance of lipase,
resulting in ranecid flavor in milks pasteurized
at below 79 C. Rancidity can be overcome
simply by pasteurizing at 81 C which inactivates
lipase.

The ferrous salts caused an oxidized flavor.
This problem can be overcome by deaerating

the milk before adding iron. Pasteurization
should then follow the addition of the iron.
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